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1. 

REMOVABLEVENA CAVAFILTER HAVING 
PRIMARY AND SECONDARY STRUTS 

FIELD OF THE INVENTION 

The present invention relates to medical devices. More 
particularly, the invention relates to a removable vena cava 
clot filter that can be percutaneously placed in and removed 
from the Vena cava of a patient. 

BACKGROUND OF THE INVENTION 

Filtering devices that are percutaneously placed in the Vena 
cava have been available for over thirty years. A need for 
filtering devices arises in trauma patients, orthopedic Surgery 
patients, neuroSurgery patients, or in patients having medical 
conditions requiring bed rest or non-movement. During Such 
medical conditions, the need for filtering devices arises due to 
the likelihood of thrombosis in the peripheral vasculature of 
patients wherein thrombi break away from the vessel wall, 
risking downstream embolism or embolization. For example, 
depending on the size, such thrombi pose a serious risk of 
pulmonary embolism wherein blood clots migrate from the 
peripheral vasculature through the heart and into the lungs. 

After deployment of a generally conical filter in a patient, 
the filter may eventually end up in a tilted position. Prolifer 
ating intimal cells begin to accumulate around the filter parts 
which contact the wall of the vessel. After a length of time, 
such ingrowth prevents removal of the filter without risk of 
trauma so that the filter is permanently left in the patient. 

Moreover, conventional filters commonly become off-cen 
tered or tilted with respect to the hub of the filter and the 
longitudinal axis of the vessel in which it has been inserted. 
As a result, the filter including the hub and the retrieval hook 
engage the vessel wall along their lengths and potentially 
become endothelialized therein. As a result, the filter 
becomes a permanent implant in a shorter time period than 
otherwise. 

Further improvements may be made related to the retrieval 
of vena cava filters. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention generally pro 
vides a removable vena cava filter configured for reducing the 
risk of a tilted implantation. 

According to a first aspect of the invention, a removable 
filter has a collapsed State and an expanded State for capturing 
thrombi in a blood vessel. The filter includes a hub defining a 
waist and a longitudinal filter axis; a plurality of primary 
struts extending from a first axial side of the hub axially away 
from the hub and radially outward in the expanded state; and 
a plurality of secondary struts extending from a second axial 
side of the hub opposite the first axial side. The secondary 
struts form a radially outward arc extending from the hub over 
an angle of at least about 180° in the expanded state. The arc 
preferably extends from the hub over an angle of between 
about 190° and about 270° in the expanded state. This 
arrangement allows for a tangential engagement of the sec 
ondary struts with the vessel wall, while also allowing for a 
non-traumatic retrieval of the filter. 

According to another aspect of the invention, a retrieval 
coil with a proximal end fastened to an elongated wire has 
several longitudinally offset windings. The retrieval coil is 
preferably more rigid than the primary struts. The retrieval 
coil may, for example, have a generally conical shape distally 
expanding from a proximal end. Alternatively, or addition 
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2 
ally, at least a distal portion of the retrieval coil may have a 
generally cylindrical shape. The coil may preferably have a 
distal winding with an inner diameter that is greater than the 
diameter of the hub and smaller than the diameter of the filter 
in the expanded State. 

Further details and benefits of the present invention 
become apparent from the following description of drawings 
illustrating preferred embodiment of the invention. The draw 
ings are presented herein solely for illustrative purposes and 
are not intended to limit the scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a first embodiment of a vena cava 
filter according to the present invention; 

FIG. 2 is an illustration of the anatomy of the renal veins, 
the iliac veins, and the vena cava in which the avena cava filter 
of FIG. 1 is deployed: 
FIG.3a shows a first step of retrieving the vena cava filter 

of FIG. 1 with a first embodiment of a removal coil; 
FIG. 3b shows a second step of retrieving the vena cava 

filter of FIG. 1; 
FIG.3c shows a third step of retrieving the vena cava filter 

of FIG. 1; 
FIG.3d shows a fourth step of retrieving the vena cava filter 

of FIG. 1; 
FIG. 3e shows a fifth step of retrieving the vena cava filter 

of FIG. 1; 
FIG.3f shows a fourth step of retrieving the vena cava filter 

of FIG. 1; 
FIG. 4 shows a second embodiment of a removal coil; and 
FIG. 5 shows a second embodiment of a vena cava filter; 

and 

DETAILED DESCRIPTION OF THE DRAWINGS 

In accordance with one embodiment of the present inven 
tion, FIG. 2 illustrates a vena cava filter 10 implanted in the 
vena cava 50 for the purpose of lysing or capturing thrombi 
carried by the blood flowing through the iliac veins 54 toward 
the heart and into the pulmonary arteries. As shown, the iliac 
veins merge at juncture 58 into the vena cava 50. The renal 
veins 56 from the kidneys 62 join the vena cava 50 down 
stream of juncture 58. The portion of the vena cava 50, 
between the juncture 58 and the renal veins 56, defines the 
inferior vena cava 52 in which the vena cava filter 10 has been 
percutaneously deployed through one of the femoral veins. 
Preferably, the vena cava filter 10 has a length smaller than the 
length of the inferior vena cava 52. If the lower part of the 
filterextends into the iliac veins, filtering effectiveness will be 
compromised and if the filter wires cross over the origin of the 
renal veins the filter wires might interfere with the flow of 
blood from the kidneys. 

This embodiment of the present invention will be further 
discussed with reference to FIGS. 1 and 3a through 3.f. in 
which filter 10 is shown. FIG. 1 illustrates filter 10 in an 
expanded State and comprising four primary struts 12 each 
having first ends that emanate from a hub 20. Hub 20 attaches 
by crimping connected primary ends 14 of primary struts 12 
together in a compact bundle along a central or longitudinal 
axis Z of the filter. The hub 20 has a minimal diameter for the 
size of wire used to form the struts. 

Preferably, the primary struts 12 are formed of a superellas 
tic material, stainless steel wire, Nitinol, cobalt-chromium 
nickel-molybdenum-iron alloy, or cobalt chrome-alloy or any 
other suitable superelastic material that will result in a self 
opening or self-expanding filter. In this embodiment, the pri 
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mary struts 12 are preferably formed from wire having a 
round cross-section with a diameter of at least about 0.015 
inches. Of course, it is not necessary that the primary Struts 
have a round or near round cross-section. For example, the 
primary struts 12 could take on any shape with rounded edges 
to maintain non-turbulent blood flow therethrough. 
As shown in FIGS. 1, 2, and 3a, each primary strut 12 

includes an arcuate segment 16 having a soft S-shape. Each 
arcuate segment 16 is formed with a first curved portion 18 
that is configured to Softly bend away from the longitudinal or 
central axis Z of the filter 10 and a second curved portion 22 
that is configured to Softly bend toward the longitudinal axis 
of the filter 10. Due to the soft bends of each arcuate segment 
16, a prominence or a point of inflection on the primary Strut 
12 is substantially avoided to aid in non-traumatically engag 
ing the vessel wall. 
As shown in FIG. 1, the primary struts 12 terminate at 

anchor hooks 24 that will anchor in the vessel wall when the 
filter 10 is deployed at a delivery location in the blood vessel. 
The primary struts 12 are configured to move between an 
expanded State for engaging the anchor hooks 24 with the 
blood vessel and a collapsed state for filter retrieval or deliv 
ery. In the expanded State, each arcuate segment 16 extends 
arcuately outward along a longitudinal axis Z from the con 
nected primary end 14 to the anchor hook 24. In this embodi 
ment, the primary Struts 12 do not have any curves in the 
circumferential direction and avoid entanglement with other 
Struts 12. 
When the filter 10 is deployed in a blood vessel, the anchor 

hooks 24 engage the walls of the blood vessel to define a first 
axial portion to secure the filter in the blood vessel. The 
anchor hooks 24 prevent the filter 10 from migrating from the 
delivery location in the blood vessel where it has been depos 
ited. The primary struts 12 are shaped and dimensioned Such 
that, when the filter 10 is freely expanded, the filter 10 has a 
diameter of between about 25 mm and 45 mm and a length of 
between about 3 cm and 7 cm. For example, the filter 10 may 
have a diameter of about 35 mm and a length of about 5 cm. 
The primary struts 12 have sufficient spring strength that, 
when the filter is deployed, the anchor hooks 24 will anchor 
into the vessel wall. 

In this embodiment, the filter 10 includes a plurality of 
secondary struts 30 having connected secondary ends 32 that 
also extend from hub 20 as shown in FIG.1. In the embodi 
ment shown in FIGS. 1 through 3.f., four secondary struts 30 
emerge from the hub 20 at an axial side opposite the primary 
struts 12. In the following, the axial side of the hub 20 from 
which the primary struts 12 extend will be called primary 
side, and the axial side of the hub 20 from which the second 
ary struts 30 extend will be called secondary side. 
Hub 20 is stationarily attached to the connected secondary 

ends 32 and the connected primary ends 14. The connection 
between the hub 20 and ends 14 and 32 may, for example, be 
accomplished by crimping, by laser welding, or any other 
Suitable method creating a durable connection. In this 
embodiment, each primary strut 12 has one secondary strut30 
arranged side-by-side and distributed around the circumfer 
ence of the hub 20. The secondary struts 30 extend from the 
connected secondary ends 32 to free ends 34 to longitudinally 
align the filter 10 in the expanded state in the blood vessel. 
Like the primary struts 12, the secondary struts 30 are free of 
any circumferential curves and avoid entanglement with 
other struts. 

In this embodiment, each of the secondary struts 30 is 
formed of an ellipsoidal arc 40 extending away from the 
secondary side of hub 20, radially outward away from the 
longitudinal axis Z, and axially backward toward the primary 
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4 
side of the hub 20. The secondary struts preferably describe 
an arc along over 180° so that the free ends 34 are in a position 
radially inward from the radially outermost portions of the 
secondary struts 30. In other words, the secondary struts 30 
have an expanded state, in which each of the second struts 30 
forms an outward curl so that the arcs 40 of all secondary 
struts 30 envelope a generally toroidal shape with a generally 
elliptical cross-section and with a central axis coinciding with 
the longitudinal axis Z. 
The secondary struts 30 may be made from the same type 

of material as the primary struts 12. However, the secondary 
struts 30 may have a smaller diameter than the primary struts 
12, e.g. at least about 0.012 inches. The hub 20 is preferably 
made of the same material as the primary struts 12 and sec 
ondary struts 30 to minimize the possibility of galvanic cor 
rosion or molecular changes in the material due to welding. 
The primary struts 12 and secondary struts 30 may be 

formed from any suitable material that will result in a self 
opening or self-expanding filter 10, Such as shape memory 
alloys. Shape memory alloys have the desirable property of 
becoming rigid, that is, returning to a remembered State, when 
heated above a transition temperature. A shape memory alloy 
suitable for the present invention is Ni Ti available under 
the more commonly known name Nitinol. When this material 
is heated above the transition temperature, the material under 
goes a phase transformation from martensite to austenite, 
such that material returns to its remembered state. The tran 
sition temperature is dependent on the relative proportions of 
the alloying elements Ni and Ti and the optional inclusion of 
alloying additives. 

In one embodiment, the transition temperature is chosen to 
be slightly below normal body temperature of humans, which 
is about 98.6° F. Thus, when the filter 10 is deployed in the 
vena cave 52 and exposed to normal body temperature, the 
alloy of the struts 12 and 30 will transform to austenite, that is, 
the remembered state, which for the present invention is an 
expanded configuration when the filter 10 is deployed in the 
blood vessel. To remove the filter 10, the filter 10 is cooled to 
transform the material to martensite which is more ductile 
than austenite, making the struts 12 and 30 more malleable. 
As such, the filter 10 can be more easily collapsed and pulled 
into the sheath for removal. 

In other embodiments, both the primary struts 12 and the 
secondary struts 30 are made from Nitinol with a transition 
temperature that is above normal body temperature of 
humans, which is about 98.6° F. Thus, when the filter is 
deployed in the Vena cave and exposed to normal body tem 
perature, the struts are in the martensitic state so that the struts 
are sufficiently ductile to bend or form into a desired shape, 
which for the present invention is an expanded configuration. 
To remove the filter, the filter is heated to transform the alloy 
to austenite so that the filter becomes rigid and returns to a 
remembered state, which for the filter is a collapsed configu 
ration. 

Notably, other materials allowing for a delivery and 
removal of the filter 10 by elastic deformation are well within 
the scope of the present invention. 
When freely expanded, the secondary struts 30 will expand 

radially outward to a diameter of about 25 mm to 45 mm. For 
example, the secondary struts 30 may expand radially out 
ward to a diameter of between about 35 mm and 45 mm. 
Generally, the expanded diameter of the secondary struts 30 is 
similar to the expanded diameter of the primary struts 12 in 
the sense that the diameters are chosen relative to each other 
to provide support for identical vessel diameters. The diam 
eter spanned by the secondary struts 30 is approximately 
twice the radial diameter of the curve described by the arcs 40. 
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Thus the arcs 40 each have a turn radius of between about 12 
mm and about 23 mm, preferably between about 17 mm and 
about 22 mm. 
The secondary struts 30 function to stabilize the position of 

the filter 10 about the center of the blood vessel in which it is 
deployed. As evident from FIG. 1, each of the secondary 
struts 30 includes a radially outer portion 42 extending par 
allel to the longitudinal axis Z. These radially outer portions 
42 tangentially engage the vessel wall of the Vena cava after 
deployment as can be seen in FIG. 2. Thus, the secondary 
struts 30 contact the vessel wall without perforating it. The arc 
40 of the secondary struts 30 extends over an angle of at least 
about 180°. The arc 40 may extend over up to about 270° or 
even more. But while it is desirable that the arc is long enough 
to place the free ends 34 in a location that is not in contact with 
the vessel wall in the expanded state, any further length of the 
secondary struts 30 is unnecessary and increases the col 
lapsed length of the filter 10 without need. Thus, the arc 
preferably extends over an angle between about 200° and 
27Oo. 
As a result, the filter 10 has two sets of struts engaging the 

vessel wall of the blood vessel in locations that are longitu 
dinally apart by an offset AZ. The offset AZ may be close to or 
even greater than the longitudinal distance of the anchor 
hooks 24 from the hub 20. Compared to smaller offsets 
between primary and secondary struts, the larger AZ has the 
advantage that a deformation or displacement of a strut 12 or 
30 has a smaller influence on the alignment angle of the 
longitudinal axis Z relative to the direction of the inferior vena 
cava 52. Thus, the filter alignment becomes more robust. 
As briefly indicated above, the length of the filter 10 in the 

collapsed state is defined by the sum of the lengths of the 
primary struts 12 and of the straightened secondary struts. In 
the expanded state, the length of the filter 10 is approximately 
defined by the sum of the longitudinal component of the 
primary struts 12 and the radius of the arc 40 described by the 
secondary struts 30. 
The diameter of the hub 20 is defined by the size of abundle 

containing either the primary Struts 12 on the primary side or 
the secondary struts 30 on the secondary side. In this embodi 
ment, the primary struts define the diameter of the hub 20 due 
to the reduced cross-section of each secondary strut30. If, as 
shown in FIG. 5, the number of secondary struts is increased, 
the secondary struts may determine the hub diameter. Thus, 
the diameter of the hub corresponds to a cross-section that 
accommodates the larger one of the cross-sections of the Strut 
bundles. 

In this embodiment, each arcuate segment 16 has a thick 
ness of at least about 0.015 inch and a tensile strength of 
between about 285,000 pounds per square inch (psi) and 
330,000 psi. Each anchor hook 24 is integral with the arcuate 
segment 16 and has the thickness and the tensile strength of 
the arcuate segment 16. Each secondary strut 30 has a thick 
ness of at least about 0.012 inch and a tensile strength of 
between about 285,000 psi and 330,000 psi. 

In this embodiment of the present invention, it is to be 
noted that the filter 10 may be delivered or retrieved by any 
suitable introducer (delivery or retrieval) tube. However, it is 
preferred that the introducer tube has an inside diameter of 
between about 4.5 French and 16 French, and more prefer 
ably between about 6.5 French and 14 French. 

For example, the filter 10 may be inserted from the femoral 
side through the proximal end of a delivery tube with the 
secondary side leading. During deployment, the secondary 
struts 30 expand first to centralize or balance the filter within 
the vessel by. When the free ends of the secondary struts 
emerge from the distal end of the delivery tube, the secondary 
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6 
struts 30 expand and tangentially roll along the vessel wall to 
the expanded position as shown in FIGS. 1, 2, and 3a. The 
filter 10 may then pushed further by a pusher wire until it is 
fully deployed. Alternatively, the delivery tube may be with 
drawn to expel the primary struts 12 as shown in FIG. 2. 
When the filter 10 is fully expanded in the vena cava, the 

anchor hooks 24 of the primary struts 12 and the radially outer 
portions 42 of the secondary struts 30 are in engagement with 
the vessel wall. The anchor hooks 24 of the primary struts 12 
have anchored the filter 10 at the location of deployment in the 
vessel, preventing the filter 10 from moving with the blood 
flow through the vessel. The secondary struts 30 reduce the 
risk of tilting by keeping the hub 20 centered within the body 
vessel. As a result, the filter 10 is supported by two sets of 
struts 12 and 30 that are spaced axially along the length of the 
filter by offset AZ. 
FIGS.3a through 3.fillustrate steps of a retrieval procedure 

for removing the filter 10 from the inferior vena cava 52. In 
this procedure, a removal sheath 70 approaches the filter 10 
from the primary side. 
As shown in FIG. 3a, a retrieval coil 60 is introduced via a 

proximally attached push wire 66 through the sheath 70 into 
the inferior vena cava 52 to a position, in which the retrieval 
coil 60 longitudinally overlaps with the primary struts 12. 
As illustrated in FIG. 3b, the retrieval coil is then rotated 

about the longitudinal axis Z in a rotational direction that 
engages the distal coil end 62 with the primary struts 12 by 
leading the distal coil end 62 from the interior of the filter 10 
to the exterior of the filter 10 and around the primary struts 12. 
In order for the coil to engage the primary struts 12, at least the 
most distal coil windings have an inner diameter that is 
greater than the diameter of the hub 20 and smaller than the 
diameter of the filter 10 in the expanded state. 
The rotation of the retrieval coil 60 is continued until the 

most proximal portion 64 of the retrieval coil as shown in FIG. 
3c, or until at least several windings of the retrieval coil 
extend on the exterior of the filter 10. 
As indicated in FIG. 3d, the retrieval coil 60 is then longi 

tudinally moved relative to the filter 10 and the sheath 70 such 
that the retrieval coil 60 is retracted toward the sheath 70. 
Optionally, a counter force may be applied to the filter, for 
example with a separate push wire, to facilitate the longitu 
dinal move of the coil windings down the primary struts 12. 
As the retrieval coil 60 glides along the primary struts 12, the 
primary Struts 12 are deflected and gradually collapsed. 

Preferably, the retrieval coil 60 has at least one proximal 
winding that has a smaller outer diameter than the inner 
diameter of the distal end 72 of the sheath so that at least the 
first coil winding can enter the sheath 70 without deforma 
tion. The anchorhooks 24 thus can only expand to a diameter 
smaller than the inner diameter of the sheath 70 and can be 
introduced into the distal end 72 of the sheath 70. When the 
most proximal one of the coil windings extending on the 
exterior of the filter 10 reaches the anchor hooks 24, at least 
one of the anchor hooks 24 of the primary struts 12 catches 
onto the winding of the retrieval coil 60. At this point, the 
sheath 70 may be distally advanced toward the filter hub 20 
while the retrieval coil 60 and the filter 10 remain stationary. 
Alternatively, the coil 60 and the filter 10 may be proximally 
withdrawn, or both the sheath 70 and the combination of 
retrieval coil 60 and filter 10 may be moved relative to each 
other. 

Eventually, the primary struts 12 and the hub 20 are accom 
modated in the sheath as shown in FIG. 3e. As the distal end 
72 of the sheath 70 passes the hub 20, the distal end 72 
contacts the secondary struts 30 in a location 74 that corre 
sponds to the inner diameter of the sheath 70. The location 74 
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is preferably located in a section of the arc 40, in which the arc 
still extends axially away from the hub 20 so that any forces 
exerted on the secondary struts 20 urges the secondary Struts 
20 to straighten. Thus, the interior diameter of the sheath 70 at 
the distal end 72 is preferably smaller than half of the filter 
diameter in the expanded State. 
A further proximal withdrawal of the retrieval coil 60 with 

the filter 10 causes a retraction of the secondary struts 30 
along the arc 40. As evident from FIG. 3e, this is particularly 
beneficial if, as indicated on the left side of the drawing, the 
radially outer portion 42 of the secondary strut 30 has been 
overgrown with body tissue. The secondary strut 30 is 
retracted along its own arc 40 so that the secondary strut 30 
traces itself and no new trauma in the form of punctures or 
scratches is created. 
The arc 40, while retaining its curvature, becomes shorter 

until the free ends 34 come out of contact with the vessel wall 
and with any overgrowth as shown in FIG. 3f. Finally, the 
filter 10 is entirely accommodated in the sheath 70 (not 
shown), which then can be retracted from the patient’s body. 
As previously noted, the retrieval procedure only requires a 
relative movement between the retrieval coil 60 and the 
sheath 70. Thus, instead of withdrawing the retrieval coil 60, 
it is additionally or alternatively possible to advance the 
sheath 70 over the filter 10. 

In the embodiment of FIGS.3a through 3f the retrieval coil 
60 has windings that envelope a generally cone-shaped Vol 
ume. The most distal winding of the retrieval coil 60 has the 
largest diameter. The coil diameter is continuously reduced 
toward the proximal end 64 of the coil 60. The proximal end 
64 is connected to a longitudinal push wire 66 suitable for 
transmitting longitudinal and rotational forces. The distal coil 
diameter is larger than the inner diameter of the sheath 70, but 
smaller than the expanded diameter of the filter. The proximal 
coil diameter is smaller than the inner diameter of the sheath 
70. This proximal coil diameter ensures that the proximal 
ends of the primary struts are sufficiently collapsed to enter 
the distal end 72 of the sheath 70. The retrieval coil 60 is 
preferably stiffer than the primary struts, but flexible enough 
the straighten enough to be delivered and withdrawn through 
the sheath 70. The retrieval coil may include or consist of any 
biocompatible material that can provide the desired proper 
ties. Suitable materials include stainless steel, other metals, or 
even plastics. The coil may be coated with a material that 
enhance the slidability and resist attachment to the body 
vessel, such as PTFE. 
The distal end 62 of the coil 60 may optionally be formed 

as a radially inwardengagement hook. While the retrieval coil 
60 is retracted into the sheath, engagement hook may catch 
onto one of the primary struts so that the retrieval coil cannot 
simply straighten and slip into the sheath 70 past the filter 10 
without taking the filter 10 along. 

FIG. 4 shows an alternative embodiment of a retrieval coil 
160. The retrieval coil 160 has a distal cylindrical portion 162 
and a short proximal conical portion 164. The conical portion 
164 is optional, and the longitudinal wire 166 may be directly 
attached to the cylindrical portion 162. The outer diameter of 
the retrieval coil 160 is dimensioned to be smaller than the 
inner diameter of the sheath 70. Still, in order for the coil to 
engage the primary struts 12, the cylindrical portion 162 has 
an inner diameter that is greater than the diameter of the hub 
20 and smaller than the diameter of the filter 10 in the 
expanded State. 

Thus, the retrieval coil 160 does not have to undergo any 
deformation for accommodation inside the catheter 70. 
Accordingly, the retrieval coil 160 may be more rigid than the 
retrieval coil 60 of FIGS.3a through 3.f. Because the retrieval 
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8 
coil 160 need not be deformed during the retrieval of the filter 
10, an engagement hook at the distal end is unnecessary. 
Otherwise, the retrieval method of FIGS. 3a through 3f is 
applicable to the use of the retrieval coil 160 in analogy. 

In another embodiment shown in FIG. 5, a filter 110 
includes four primary struts 12 and eight secondary struts 30 
that extend from a hub 20. The filter 110 of FIG.5 may have 
thinner secondary struts 30 than the filter 10 of FIGS. 1 
through 3. Otherwise, the same considerations apply to its 
structure, delivery, and removal as to filter 10 of FIGS. 1 
through 3. While only two examples offilters 10 and 110 with 
different numbers of struts have been shown in the drawings, 
the number of both the primary struts 12 and the secondary 
struts 30 can vary nearly arbitrarily. Preferably, the number of 
primary struts 12 and the number of secondary struts 30 are 
both greater than two. The number of primary struts 12 and 
the number of secondary struts 30 do not depend on each 
other because the primary Struts 12 and the secondary Struts 
extend from opposite sides of the hub 20. 

While the present invention has been described in terms of 
preferred embodiments, it will be understood, of course, that 
the invention is not limited thereto since modifications may 
be made to those skilled in the art, particularly in light of the 
foregoing teachings. 

What is claimed is: 
1. A removable filter assembly comprising a filter having a 

collapsed state and an expanded State for capturing thrombi in 
a blood vessel, the filter including: a hub defining a waist and 
a longitudinal filter axis; a plurality of primary struts extend 
ing from a first axial side ofthehub axially away from the hub 
and radially outward and terminating in primary free ends in 
the expanded State; and a plurality of secondary struts extend 
ing from a second axial side of the hub opposing the first axial 
side, the plurality of secondary struts extending axially away 
from the hub and axially away from the primary struts in a 
Strut portion adjoining the hub, and terminating in secondary 
free ends which, in the expanded state, point toward the 
longitudinal filter axis, the secondary struts forming a radially 
outward arc extending from the hub over an angle of at least 
about 180° in the expanded state. 

2. The assembly of claim 1, wherein the arc extends from 
the hub over an angle of between about 190° and about 270° 
in the expanded State. 

3. The assembly of claim 1, wherein each secondary strut is 
formed of a superelastic material, stainless steel wire, Nitinol, 
cobalt-chromium-nickel-molybdenum-iron alloy, or cobalt 
chrome alloy. 

4. The assembly of claim 1, wherein the secondary struts 
are free of any circumferential curves relative to the longitu 
dinal filter axis. 

5. The assembly of claim 1, wherein each arc has a turn 
radius of between about 12 mm and about 25 mm. 

6. The assembly of claim 1, wherein the secondary struts 
have Smaller diameters than the primary struts. 

7. The assembly of claim 1, wherein the primary struts and 
the secondary struts are formed of shape memory alloy with 
a transition temperature. 

8. The assembly of claim 7, wherein the primary struts and 
the secondary struts collapse to the collapsed State when the 
temperature of the primary struts and the secondary struts is 
about equal to or greater than the transition temperature. 

9. The assembly of claim 7, wherein the primary struts and 
the secondary struts expand to the expanded State when the 
temperature of the primary struts and the secondary struts is 
about equal to or greater than the transition temperature. 
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10. The assembly of claim 1, further comprising a retrieval 
coil with a proximal end fastened to an elongated wire, the 
retrieval coil having several axially offset windings. 

11. The assembly of claim 10, wherein the retrieval coil is 
made of a material that is more rigid than the primary struts. 

12. The assembly of claim 10, wherein the retrieval coil has 
a generally conical shape distally expanding from a proximal 
end. 

13. The assembly of claim 10, wherein at least a distal 
portion of the retrieval coil has a generally cylindrical shape. 

14. The assembly of claim 10, wherein the coil has a distal 
winding with an inner diameter that is greater than the diam 
eterofthehub and smaller than the diameter of the filter in the 
expanded State. 

15. The assembly of claim 10, further comprising a sheath 
for inserting the retrieval coil into a body vessel. 

16. The assembly of claim 15, wherein the sheath has an 
interior diameter that is greater than the diameter of the hub 
and smaller than the diameter of the filter in the expanded 
State. 

17. The assembly of claim 15, wherein the sheath has an 
interior diameter greater than the outer diameter of at least a 
most proximal winding of the retrieval coil. 

18. The assembly of claim 17, wherein the interior diam 
eter of the sheath is greater than the diameters of all windings 
of the retrieval coil. 

19. The assembly of claim 17, wherein the interior diam 
eter of the sheath is smaller than half of the filter diameter in 
the expanded State. 
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